Abstract Purpose: To investigate the expression and regulation of the centrosomal kinase Aurora-A/ STK15 (AURKA) in epithelial ovarian cancers and to determine the prognostic and predictive value of this marker for patients with late stage epithelial ovarian cancer treated by distinct adjuvant chemotherapies. Experimental Design: Archival resection specimens of epithelial ovarian cancers (n = 115) and nonneoplastic ovaries (n = 28) were analyzed for AURKA mRNA and protein expression by microdissection and quantitative reverse transcriptase-PCR and immunohistochemistry. AURKA DNA copy numbers were measured by fluorescence in situ hybridization in 37 cases. Statistical evaluation was done with respect to clinicopathologic variables, disease-free survival, and overall survival.
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Abstract Purpose: To investigate the expression and regulation of the centrosomal kinase Aurora-A/ STK15 (AURKA) in epithelial ovarian cancers and to determine the prognostic and predictive value of this marker for patients with late stage epithelial ovarian cancer treated by distinct adjuvant chemotherapies. Experimental Design: Archival resection specimens of epithelial ovarian cancers (n = 115) and nonneoplastic ovaries (n = 28) were analyzed for AURKA mRNA and protein expression by microdissection and quantitative reverse transcriptase-PCR and immunohistochemistry. AURKA DNA copy numbers were measured by fluorescence in situ hybridization in 37 cases. Statistical evaluation was done with respect to clinicopathologic variables, disease-free survival, and overall survival.
Results: AURKA mRNA expression was significantly elevated in cancers (P < 0.001) and correlated with AURKA protein expression (P = 0.0134). Overexpression of AURKA protein was detected in 68 of 107 (63.5%) cases and was linked with increased AURKA DNA copy numbers (P = 0.0141) and centromere 20 aneusomy (P = 0.0137). Moreover, AURKA overexpression was associated with improved overall survival in optimal debulked patients receiving taxol/carboplatin therapy (n = 43, P = 0.018). Finally, in an exploratory approach, patients receiving non^taxane-based therapy, AURKA overexpression was predictive for worse overall survival (n = 30, P = 0.049). Conclusions: AURKA overexpression is seen in the majority of late stage epithelial ovarian cancers, most likely due to increased AURKA DNA copy numbers and/or chromosome 20 aneusomy. Importantly, AURKA overexpression may differentially affect taxane and non^taxane-based adjuvant therapy responses. The study sheds new light on AURKA expression and regulation in epithelial cancers in vivo and specifically shows its value as a clinically relevant marker and as a potential therapeutic target per se.
Ovarian cancer represents the second major gynecological malignancy in women, is diagnosed in most patients at a late stage, and has an associated 5-year survival rate of only 20% to 30% (1 -3) . The majority of ovarian cancers are derived from the epithelium and are histopathologically classified into eight major subgroups, primarily including the serous tumors (4 -6) . Standard treatment involves surgical resection of the tumor mass, with complete reduction of the tumor (i.e., optimal debulking) not being possible in a minor fraction of patients due to the advanced stage (7, 8) . Most patients receive subsequent adjuvant chemotherapy, with a combination of taxane (e.g., paclitaxel, docetaxel) and platinum (e.g., carboplatin, cisplatin) compounds representing the most frequently applied regimens (3, 5, 7 -10) . Taxanes stabilize microtubules, resulting in a G 2 -M cell cycle arrest and induction of apoptosis. Platinum drugs induce DNA cross-links, which are recognized by the DNA repair factors, and also result in apoptosis. Taxol/ carboplatin or carboplatin therapy alone or in combination with other drugs, such as topotecan, an inhibitor of topoisomerase I and hence DNA synthesis, are widely used for patients with ovarian cancer due to their highly cytotoxic effects on proliferating and cycling tumor cells. Although the debulking status of the primary surgical resection is a potent prognostic factor, thus far there are no other validated prognostic variables to allow improved patient stratification for adjuvant treatment, especially none associated with a predictive effect for the specific chemotherapeutic regimens (11) .
Recent studies have shown that DNA gains of the chromosomal region 20q13 and overexpression of the centrosomal kinase Aurora-A/STK15 (AURKA), the gene of which is found within the 20q13 region, are hallmarks of ovarian cancer (12) . AURKA is a putative oncogene (13) and is involved in centrosome dysregulation and genomic instability in various human cancers (14, 15) . Overexpression of AURKA has been associated with tumor development and progression in gastrointestinal cancers (16 -19) , bladder cancer (20) , and gynecological cancers (21) including ovarian cancer (22) as well as ovarian cancer cell lines (23, 24) . However, the clinical relevance of AURKA overexpression for patient outcome has only been addressed by few studies: thus, in epithelial cancers of the esophagus (25) and of the head and neck (26) , AURKA (over-)expression represented a survival factor for tumor cells and a negative prognostic molecular marker. However, these studies did not allow for the evaluation of a predictive effect of AURKA expression in view of the specific, but diverse, adjuvant chemotherapeutic drugs given to these patients.
Interestingly, recent in vitro data showed the interaction of AURKA with taxanes: (a) inhibition of AURKA expression by small interfering RNA enhanced the chemosensitivity of pancreatic cancer cells to taxanes (27) and (b) AURKA overexpression induced resistance to taxol in another in vitro study (28) . Moreover, high levels of AURKA in ovarian cancer cells protected the cells from apoptosis after treatment with chemotherapeutic agents, such as paclitaxel or cisplatin (29) . These studies imply that overexpression of AURKA may overcome mitotic spindle checkpoint controls induced by the chemotherapeutic agents, overriding apoptotic mechanisms and inducing chemotherapeutic resistance. In view of the lack of prognostic/predictive factors for ovarian cancer patients treated with taxane and/or platinum therapy, these in vitro aspects are a particular hint for the potential importance of AURKA expression as a clinically relevant marker for patients with ovarian cancer. Moreover, with the current efforts to develop Aurora kinase inhibitors (30 -37) , there is also the question of whether or not the application of Aurora inhibitors may provide valuable chemotherapeutic agents for ovarian cancer, especially as a combinatorial therapy with existing agents (38) .
The present study addressed the issue of whether AURKA represents a clinically relevant molecular marker for patients with late stage epithelial ovarian cancer, in particular, with respect to the predictive value of AURKA for the response of patients to different adjuvant chemotherapy protocols. For this purpose, we preferentially selected cases with late stage (International Federation of Gynecology and Obstetrics III) epithelial ovarian cancers of the serous type (6) . AURKA mRNA and protein expression were thus examined in archival resection specimens of 115 patients with ovarian cancer, using AURKA-specific quantitative reverse transcriptase PCR (QRT-PCR) and immunohistochemistry on serial sections of formalin-fixed and paraffin-embedded tissue specimens, respectively. In addition, AURKA DNA copy numbers were determined in 37 cases on serial sections by fluorescence in situ hybridization (FISH) to examine the regulation of AURKA expression at the DNA level. Finally, AURKA expression was correlated with clinicopathologic variables and the clinical outcome in patients with ovarian cancer, by stratifying patients according to known prognostic factors such as debulking status and different adjuvant treatment protocols.
Materials and Methods
Patients and tissues. The study included a total of 143 patients treated at the Department of Obstetrics and Gynecology, University Hospital Freiburg (Freiburg, Germany), with a median follow-up time of 22.5 months (range, 1-82 months). Cases with International Federation of Gynecology and Obstetrics stage III and epithelial ovarian cancers of the serous type (6) were preferentially selected to obtain a ''homogeneous'' patient group for statistical evaluation of prognostic/predictive associations. Formalin-fixed and paraffin-embedded tissue specimens from all cases were derived from routinely processed primary resection specimens (archive, Institute of Pathology, University Hospital Freiburg). Of the 143 cases, resection specimens from 115 ovarian cancers and a control group of 28 nonneoplastic ovaries were analyzed. The study was approved by the local ethics committee (no. 97/05; Ethik-Kommission der Albert-Ludwigs-Universität, Freiburg, Germany). Clinicopathologic data from all cases are summarized in Table 1 (note that the distribution of variables was influenced by the specific preselection of cases).
Routinely processed H&E-stained tissue sections of the invasive carcinomas were reevaluated (6, 39) , and representative tissue areas were selected for further analyses, as detailed below. First, two 10-Am sections were cut from the selected tissue blocks for tumor cell microdissection and QRT-PCR. Second, the same tissue blocks were then used for manual preparation of tissue microarrays (TMA) of core biopsies (0.2 mm diameter) from the invasive carcinomas.
Immunohistochemistry. For detection of AURKA protein expression as previously reported by Reiter et al. (26), 4-Am-thick sections of the TMAs were cut, dried overnight at 60jC, and subjected to deparaffinization in xylene, graded alcohols (2Â 100%, 95%, 75%, and 50%), and water. Antigen retrieval was done by boiling TMA sections in Tris-EDTA buffer (pH 9) using a pressure cooker. Incubation time with primary antibody (1:50, Aurora Kinase 2, clone JLM28; Loxo/Novocastra) was 60 min, followed by secondary antibody and detection using the LSAB-Fast red system (DakoCytomation). Stainings were done on a Dako Autostainer (DakoCytomation). The scoring of cytoplasmic AURKA staining patterns was done according to the study by Reiter et al. (26) Microdissection and QRT-PCR. Microdissection and QRT-PCR were essentially done as described before (40) . In brief, for the evaluation of AURKA mRNA expression, two 10-Am sections of the tissue specimens were deparaffinized using xylene and graded alcohols (2Â 100%, 95%, 75%, and 50%) and water. Subsequently, tissue sections were briefly stained with instant hematoxylene (Shandon) and invasive tumor cells were microdissected under microscopic surveillance using fine needles. Microdissected tumor cells were then placed into an Eppendorf tube and RNA isolation was done using the ''Masterpure RNA Isolation Kit'' (Epigenomics/Biozym) according to the instructions of the manufacturer. A 30-min DNase digestion step was included to avoid the contamination of RNA samples with genomic DNA. Purified total RNA was measured on a conventional spectrophotometer (ND1000, Peqlab) and 1 Ag of RNA was used for reverse transcription by Moloney murine leukemia virus reverse transcriptase (Invitrogen) into 30 AL of cDNA. A negative control reaction (water instead of RNA) was included for each set of cDNA syntheses. For QRT-PCR using the ABI7000 system (TaqMan, AppliedBiosystems), 3 AL of each cDNA was incubated in a 30 AL reaction volume, containing primer and probes for the target gene AURKA (40) and the reference gene TBP (40 -42) , as well as universal Master Mix (AppliedBiosystems), with cycling conditions as follows: 50jC for 2 min, 95jC for 10 min, and 40 cycles of 95jC for 15 s and 60jC for 1 min. The QRT-PCR assays were previously validated in our laboratory for specificity, sensitivity, and efficiency (40) . The comparative Ct-method was used to determine target gene expression levels (43) .
FISH. For examination of AURKA DNA copy numbers, serial sections (5 Am) of the TMAs were hybridized with a combination of custom-made fluorescent hybridization probes specific for AURKA and for centromere 20 (chromosome enumeration probe, CEP20), according to previously published protocols (44) . The AURKA-specific probe (red, Cy3-labeled) was prepared from two overlapping Pac/BAC clones (RP11-61B1 and RP5-1167H4) and the CEP20-specific probe (green, FITC-labeled) was prepared from two adjacent BAC clones (RP11-815L24 and RP11-75I24; Chrombios).
Prior to probe hybridization, TMA sections were subjected to deparaffinization (2Â xylene, 100%, 95%, 70%, and 50% ethanol) and pretreatment in citrate buffer (pH 6.0) in a microwave oven (180 W) for 20 min followed by Pronase E (0.05%) digestion for 3 min at 37jC. Subsequently, TMA sections were denatured in 50% formamide at room temperature for 15 min and in 70% formamide at 75jC for 5 min. Slides were immediately immersed in ice-cold ethanol (70%, 95%, and 100%, 5 min each) and dried at 37jC. In the meantime, fluorescent hybridization probes had been denatured at 75jC for 5 min and were pipetted onto dried TMA sections, followed by incubation for 16 h at 37jC. Slides were then washed in 2Â SSC at room temperature and in 2Â SSC at 37jC each for 2 min and finally counterstained with 4 ¶,6-diamidino-2-phenylindole for 3 min. Coverglassed (VectaShield, Molecular Probes) slides were stored at -20jC until analysis.
Microscopic analysis of FISH sections was done using a fluorescence microscope with ApoTome imaging system for three-dimensional visualization (''Zeiss Axioplan2 Imaging Microscope'' equipped with a PlanApochromat Â63/NA1.4 oil objective; Carl Zeiss MicroImaging GmbH). Image stacks were taken at intervals from representative tumor areas and the AxioVision software converted the image stacks into a three-dimensional view, which was then assessed for gene-and centromere-specific signals. For each case, at least 60 cells were counted for AURKA-and CEP20-specific signals (presented as mean signals per cell for each case). The mean ratio of AURKA-to CEP20-specific signals was calculated from the mean AURKA-and CEP20-specific signals per cell in each case. Correlations between variables were done using the Pearson correlation coefficient. ANOVA or t test was applied to compare all continuous variables either for different classes or for two-class cases, respectively. Frequency tables were tested by v 2 test for comparison of discrete variables.
Step-wise Cox regression analysis was applied to test the significance of variables with survival time or disease-free survival time. For discrete variables, Kaplan-Meier curves for different strata were plotted for disease-free and overall survival. Log-rank test was used to test the significance of different survival curves. All statistical evaluations were done at the 95% level.
Results
AURKA mRNA and protein expression. AURKA mRNA expression was determined by QRT-PCR of microdissected tumor cells in 115 patients with ovarian cancer and in nonneoplastic ovaries from 28 patients undergoing noncancer-related surgery. QRT-PCR was successful in 101 of 115 (87.8%) of the patients with ovarian cancers and in 28 of 28 (100%) of the patients with nonneoplastic ovaries. Relative AURKA mRNA expression levels differed significantly between nonneoplastic ovaries and ovarian cancers irrespective of stage (P < 0.001; Fig. 1A ). AURKA mRNA expression also varied within the group of nonneoplastic ovaries or, more prominently, in the group of ovarian cancers, but this was independent of the patient's age (P = 0.2626). The range of AURKA mRNA expression in ovarian cancers was not significantly related to tumor stage (P = 0.122; Fig. 1A ) or the tumor grading (P = 0.3726; Fig. 1B) , despite a tendency for higher AURKA mRNA levels with increasing grade. No correlation was done between histologic tumor types, as cases with serous histology had been specifically selected for the study (Materials and Methods; Table 1 ).
AURKA protein expression was evaluated in ovaries from 24 of 28 patients undergoing non -cancer-related surgery and 107 of 115 (93.0%) patients with ovarian cancer using immunohistochemical scoring as specified in Materials and Methods. In contrast with nonneoplastic ovaries (Materials and Methods), immunohistochemical staining of AURKA protein in ovarian cancers revealed distinct AURKA protein expression patterns (Fig. 2, left) : negative staining (score 0) was observed in 16 of 107 (14.9%) patients and positive staining was seen in 91 of 107 (85.1%) ovarian cancer cases. For positively stained cases, 23 of 107 (21.5%) had a score of 1, 44 of 107 (41.1%) had a score of score 2, and 24 of 107 (22.4%) had a score of 3. AURKA protein expression was not related to the histologic tumor type (P = 0.1100; due to specific selection of serous type ovarian cancers) or the tumor grading (P = 0.6830). Except for the occasional weakly stained lymphocytes or granulocytes, AURKA staining was negative for the tumor surrounding stromal cells (Fig. 2, left) . In ovarian cancers, the levels of AURKA mRNA and protein expression were significantly correlated (P = 0.0134) in 101 cases in which both QRT-PCR and immunohistochemistry had been successful.
Examination of AURKA DNA copy numbers and correlation with AURKA expression. In order to examine whether high AURKA expression was caused by AURKA gene amplification, we investigated AURKA-specific DNA copy numbers in 37 ovarian cancers using FISH (Materials and Methods). All FISH results are listed in detail in Table 2 , together with corresponding AURKA mRNA and protein levels. Representative FISH images are shown in Fig. 2 (right) .
Detailed evaluation of AURKA-and CEP20-specific signals in at least 60 tumor cells per case revealed >2 AURKA copies for all cases, ranging from 2.33 to 6.18 mean AURKA-specific signals per tumor cell. Similarly, mean CEP20 signals were also >2, but the range was smaller (1.92-4.25 mean CEP20-specific signals per tumor cell). This resulted in mean FISH ratios (AURKAto CEP20-specific signals per case) ranging from 1.08 to 2.0. According to a previously published cutoff for FISH evaluation in ovarian cancer (12) , only low-level (FISH ratio, 1.5-3), but not high-level (FISH ratio, >3) amplification of AURKA was seen in our group of patients with ovarian cancer. Mean AURKA-and CEP20-specific FISH signals were closely correlated (P < 0.0001).
Whereas the mean AURKA-specific FISH ratio did not correlate with AURKA mRNA (P = 0.1585) or protein (P = 0.8611) expression, separate analyses of the mean AURKA-and CEP20-specific signals revealed a significant association with AURKA protein expression (P = 0.0141 and P = 0.0137, respectively). No association of mean AURKA (P = 0.1592) or CEP20-specific (P = 0.5525) signals with AURKA mRNA expression was seen, even though AURKA mRNA and protein expression remained significantly correlated within this subset of 37 cases (P = 0.0296).
Evaluation of the prognostic and predictive effects of AURKA expression. In order to test whether AURKA mRNA and/or protein levels may represent a prognostic and/or predictive marker for the clinical outcome of patients with ovarian cancer, AURKA expression levels were correlated with disease-free and overall survival in patients with International Federation of Gynecology and Obstetrics stage III ovarian cancer (n = 101) by stratifying protein expression into none or marginal (score 0 + 1), low (score 2), and high (score 3) protein expression.
No association was seen for AURKA mRNA expression with disease-free survival, neither in the entire group of patients (n = 100; P = 0.6977) nor in patients having been optimally debulked and receiving adjuvant taxol/carboplatin therapy (n = 36; P = 0.7361). Similarly, no association was seen for AURKA mRNA expression with overall survival in the same patient groups (stage III, n = 80, P = 0.5343; stage III, optimal debulking, taxol/carboplatin, n = 33, P = 0.9851).
Similarly, AURKA protein expression within the entire group of stage III patients was not associated with disease-free (n = 76, P = 0.690) or overall (n = 95, P = 0.426) survival (Fig. 3A  and C) . Stratifying the group of stage III patients with ovarian cancer into those with optimal debulking and taxol/carboplatin therapy did not reveal the effect of AURKA protein expression on disease-free survival (n = 40, P = 0.157; Fig. 3B ). However, a significant effect was seen in this patient group for high AURKA protein expression and improved overall survival (n = 43, P = 0.018; Fig. 3D ). Finally, in an exploratory approach in view of low patient numbers, stage III patients treated with taxol/carboplatin chemotherapy were compared with those having received carboplatin-based chemotherapy not including taxanes with respect to overall survival. In the taxol/carboplatin-treated group (Fig. 4A) , patients with AURKA protein overexpression (immunohistochemistry score, 2 + 3) seemed to perform better than those with no or marginal AURKA protein expression (immunohistochemistry score, 0 + 1), but this was not significant (n = 56, P = 0.0997). In contrast, in the carboplatinbased treatment group (Fig. 4B) , patients with AURKA protein overexpression (immunohistochemistry score, 2 + 3) had a significantly worse survival as those with no or marginal (immunohistochemistry score, 0 + 1) AURKA protein expression (n = 30, P = 0.0496).
Discussion
To our knowledge, the present study is the first to have analyzed the role of AURKA in epithelial ovarian cancer at the DNA, mRNA, and protein levels as well as to have examined the prognostic/predictive value of AURKA expression in a welldefined group of patients with ovarian cancer.
AURKA is a centrosomal kinase associated with various human cancers (13) (14) (15) (16) (17) (18) (19) (20) (21) , including ovarian cancer (12, (22) (23) (24) , and its overexpression is associated with poor disease outcome in esophageal (25) and head and neck tumors (26) . Moreover, polymorphisms of AURKA seem to be linked to the risk of several cancers (45) , including ovarian cancer (46) . The question of whether or not AURKA expression represents a prognostic/predictive marker for patients with ovarian cancer has, however, not been addressed. In addition, it is thus far not clearly established whether AURKA in ovarian cancers may represent a therapeutic target per se (38) .
In contrast to the only previous detailed study on AURKA protein expression and activity in ovarian cancer tissue specimens (22), we therefore specifically selected a patient group with stage III (n = 101) epithelial ovarian cancers and examined AURKA mRNA and protein expression as well as the regulation of AURKA expression at the DNA level. Moreover, of the 101 patients, 68 had been treated by the standard adjuvant taxol/carboplatin chemotherapy whereas the others received carboplatin/topotecan (n = 15, participating in a clinical trial), carboplatin alone (n = 10), or carboplatin with cyclophosphamide (n = 3), and a median of 22.5 months of follow-up was available for investigating the role of AURKA for therapy-related survival.
We found significantly increased AURKA mRNA expression in ovarian cancers as compared with nonneoplastic ovaries. This was independent of the patient's age, and hence, a potential hormonal regulation of AURKA expression (46) was not further assessed. AURKA mRNA levels in ovarian cancers seemed to increase with stage and tumor grading and were significantly correlated with protein levels (P = 0.0134). Whereas no AURKA protein expression was observed in 91.7% of the investigated nonneoplastic ovaries of patients undergoing non -cancer-related surgery, AURKA protein expression was detected in the tumor cells of the majority (85.1%) of ovarian cancer cases. For the latter, AURKA protein expression varied between marginal cytoplasmic expression in 21.5% of the cases and cytoplasmic expression together with strongly overexpressing tumor cells in 63.5% of the cases. AURKA protein expression patterns were not linked to the histologic tumor type (due to selection of serous type ovarian cancers) or the tumor grading.
At the DNA level, we found low-level amplification of the AURKA gene locus in 11 of 37 cases, using previously defined cutoffs for low-level (FISH ratio, 1.5-3) and high-level (FISH ratio, < 3) amplification for ovarian cancers (12) . Interestingly, the mean FISH ratio of AURKA to centromere 20-specific (CEP20) signals were not correlated with AURKA mRNA or protein expression. In contrast, the mean AURKA-and CEP20-specific FISH signals were linked to AURKA protein expression. This may be explained by the fact that, first, both FISH and immunohistochemistry in situ analyses were done on serial sections of TMAs and QRT-PCR was done using extracts of microdissected tumor cells from entire sections of the tumor blocks used for TMA construction. Thus, cell populations analyzed by FISH and immunohistochemistry match directly and corresponded with the tumor areas investigated by QRT-PCR, but the number of investigated tumor cells were different for FISH, immunohistochemistry, and QRT-PCR. In addition, FISH, immunohistochemistry, and QRT-PCR values differ per se and correlations may become Irrespective of the detailed mechanisms of AURKA regulation, the data on AURKA DNA copy numbers and protein expression suggest that elevated AURKA protein expression may be closely linked to chromosome 20 aneusomy and polyploidization. In fact, we frequently observed the overexpression of AURKA in ovarian tumor cells with mitotic features indicating tetraploidy (data not shown). Although this may support the role of AURKA (over)expression and associated genomic instability in tumor development and progression, AURKA overexpression in late stage ovarian cancer may simply be a reflection of the progressed cancer, in which tumor cells display high genomic instability not necessarily linked to AURKAspecific gene amplification (22 -24, present study) . A precise analysis of AURKA expression and regulation in early ovarian cancer is needed to support the data from the 13 early stage cases presented here and to combine the findings with those of Gritsko et al. (22) . Furthermore, the investigation of the effect of AURKA expression on centrosome changes and polyploidization in especially early ovarian cancer is necessary, in particular, as this may also affect the response to drugs which target the mitotic spindle, such as taxanes.
Recently, in vitro studies showed that small interfering RNAmediated knock-down of AURKA expression increased the efficacy of taxane treatment in pancreatic cancer cell lines (27) . Conversely, targeted AURKA overexpression in mouse embryonic fibroblasts was associated with resistance to taxol treatment (28) . Similarly, ovarian cancer cell lines exhibiting high AURKA levels were resistant to apoptosis induced by common taxane (paclitaxel) and platinum (cisplatin) drugs (29) .
In order to find out whether these correlations defined in vitro could also be translated into the clinical setting, we therefore examined the prognostic/predictive value of AURKA expression assessed in routinely processed ovarian cancer resection specimens derived from 115 patients. Specifically, we focused on those patients with adjuvant treatment with taxane-and nontaxane-based chemotherapy. In contrast with the assumption that high AURKA expression is a prognostic factor for poor survival in other epithelial cancers (25, 26) , our data for all stage III ovarian cancer patients (i.e., irrespective of debulking status and adjuvant chemotherapy) indicates that AURKA expression was not prognostic for disease-free or overall survival.
However, high AURKA expression is associated with improved overall survival in patients with stage III ovarian cancer with optimal debulking and receiving taxol/carboplatin therapy. This is particularly interesting as previous in vitro studies showed that high AURKA expression induced resistance to taxanes or platinum drugs (27 -29) . Moreover, the results of our exploratory approach comparing patients with stage III ovarian cancer treated by taxane-and non -taxane-based adjuvant therapy (irrespective of debulking status), showed that high AURKA protein expression was associated with a worse disease outcome only in patients receiving non -taxanebased adjuvant therapy. Thus, our data suggests that AURKA protein expression has a distinct role and predictive value for stage III ovarian cancer patients receiving taxane and nontaxane-based adjuvant therapy regimens. In addition, these results underline the necessity for investigating candidate predictive molecular markers in situ to complement functional in vitro testing with the unique clinicopathologic variables associated with individual cancer patients.
Irrespective of the differential effects of AURKA expression on the efficacy of different adjuvant chemotherapies, our data suggest that with its overexpression in 63.5% of ovarian cancers, AURKA represents a target for therapeutic intervention (30 -38) , either alone or in combination with other (nontaxane-based) chemotherapeutic regimens. However, it has to be emphasized that the current Aurora inhibitors are not specific for Aurora-A, so that future work with these inhibitors should be only done after further detailed investigation of Aurora-B and Aurora-C in ovarian cancer.
In summary, our data support the hypothesis that AURKA overexpression is a characteristic feature of epithelial ovarian cancer and is linked to increased AUKRA copy numbers and/or chromosome 20 aneusomy. AURKA expression represents a predictive marker for the clinical outcome of patients with late stage ovarian cancer, whereby AURKA overexpression may differentially affect taxane and non -taxane-based adjuvant therapy responses. The study sheds new light on AURKA expression and regulation in epithelial cancers in vivo and specifically shows its value as a clinically relevant marker and as a potential therapeutic target per se. 
